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Abstract

The problem of effective communication in the process
of building design and construction Is widely recognlzed, -
The involvement of several design disciplines comblined with

 the tendency for designers to work in distinct-offices ——- - .

results In 1ittle capacity for them to investiecate the
infiuence of thelr design declisions on other design areass
Dhe of the responses to the need for effective ;. .
__interactlon In the use of computers for a desizn project Is

the supersystem concent pronased for ICES, the-integrated == . ..

tlvil Enzineering System, The supersystem Is dafined as the

. _cooperative effort on the nart of the lasigners of several =
problem oriented computer capabilities to imnlemant protect =~

orlented capabilities by allowing each of their prohlem
oriented subsystems to referenca a sinale file of projact
Jdata. The supersystem would allow design Interaction by
having each of the problem oriented computer subsystems
reference a single file of information specifylng the
project. - = '

Future work ia vhe appllcatlion of computers to
interactive and project orientad design in the huildine
industry will have to con:uentrate on the file structure to
ba used In the Implementation of a computer bulldinz Jdasisn

supersysteam,
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The process of bullding design ant ccnstructloq

involves much handllnw and manipulation of data. What
starts out as the single deslre of a cltent for a butiding §
develops into a full set of working dravings and spectfi=- -
cations by the end of the dasign ohase of the arocess and e

_— Ml,,,<ff“—_u4{§maee4yAilnishosaaswan extstiﬁg buillin“ When ane. ,»A__”qw\w_,ﬁ;-;

} Jaaaﬁ!nes the data flow in the bullding process in 1;~ht of _ g

the data manipulating and stora«n caoabcllt|e$ of the modérn
electronlic digital computer, one axpects at first to find a
broad utilization of the computer throughout the bullding
Industry. Yet when one examines the degreé to which

computers are actually used ir the bullding nrocess, tha

P 0T Y LB Y (0 T Y 1

findings are genarally very disappointing, Few of the
design disciplines involved with the builling process make

any significant use of the computer and even In these faw

HUTRCN PR T S

Instances, the applications are in comnaletely [solated

R Y LA

areas, YWhile many design areas involved in building dcstgn

A,

have been considered for computer implementation, most

rerrdin

efforts have been at the proposal staze only. The two major
exceptions have been the areas of structural analysls and
constiuction project scheduline for which large scale
systems have bheen Implemented.

The reasons for the pattern of usase that one finds

reflect problems both of economics and degree of difficulty.

As would he expected, engineers have attackad those problems
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flrat that seemed most pranlslnr of sofutlon. Since 2 both

structural analysls and construction scheduling are quite
"~ stralghtforward In an analytTcal §&nse afid reguire much data

préceéslhg, they were computérized first. More significant,

_ﬁ/mmhonever,~isdthe fact that thaseAiwawareas are. Lheﬁexcluslyﬁ

domains of two d!stinct segments of the bullding process,

-the-structu?a! enzinears and the contractors. . Each invested = .
in the software which It felt would make Its operations more
efficlent. Nelther was particularly motlivated to spend
meney t& make the Job of someone else more efficient,

The reasons for this pattern of usage can also be
found in the approach taken by designers of computar systems
to the whole question of iInformation. The techniques for
information handling developed for the analytic problem~
solvtng systems have In the past almost never c0nslderpd
information requirements beyond the scope of the system
being Implemented. There has been little motlivation to
cconsider the information requirements of other systems
hecause, first, there were few anough of these systems
Implemented on the cohouter to hegln with, and secondly,
there had simply been no co-ordinatlion which would result In
the information being used even If It were made avallahle,
Furthermore, Information has generally been structured so as
to optimize processing In view of the algorithms used by the
subsystem structuring |t,

Iinformation has always been considered as a statle

T T N T N B et o e - - ' T e e v e g s
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.;f___; ———-collectlon of data values which were Tnout at the beclnninz.
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of a computer run and completely purzed from the computor at

the end of the run. There has been almost no attemnt to

view lnformatidn fram tha nolnt of vv-w'or the project, as &

Wighly structured complex which starts as a single_fﬂga,ap{ﬂyl;

 which ends after gidat devélopment as anm extremely-complex - —

s o —e—-get of drawinas ang svecif:catians. In those fﬁw instgnggg

where data has been ‘organized by a c0ﬁputnr syqten on
secondary storaze, it has been dcne in such a way as to be

of use only to the system which so organized it.

Buildine data management, then, Is an attemot to

solve the very complex problems of automating the flow of

a7
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tnformation between various problem oriented computer

capabilities used In the design and construct!on of

bultldings, computer canabilitlies hoth existing ard proposed. §
8uilding data management s the concent of data transfer g
applled to the realm of hullding systems, Data transfer g
attempts to make It possible for independently concelved and %
independently executed computer systems to communicate their %
results with each other, %

Data Iransfer

The concept of data transfer is not a new one, The

LT

designers of |CES, an acronym for the INTEGRATED TIVIL
ENGINEERING SYSTEM (1), have attacked the prohlen 27 fat>

transfer from the very barlinning of thelr effort., The (CES




___System was vlsualized as a computer oriented system used by

a collection of prob!em ortented subsystems (2). The

analogy was made to a wheel In which the system conaprised

the axle, ‘the various subsystams the spokes, and -“ata

—transﬁer was to have been a kind of rim uniting ati of the

T subsystams via.cummunicat%ons—caaablll£es {sea thu:e 1=1).

Hawever, 1f one ﬂxamtnes lees §x§&gm ng;lzn (3), the

ot -
R A T .

i gui1lng ohllosophy Fdr the ICC@ system, one dlscovers that
there are two areas of the system that weres not generally
Implemented, They are tﬁe relational data structure
capabilities (4) and data transfer. For several years much
work was put into the implementation of both of these areas,
While some rasults were obtalined in the former area (%), no
real working system of any capablllity resulted In the
latter. |

11 the first efforis to implement data transfer, the
ICES researchers attacked the ganeral problem of information
fiow within the computer. The work was motivated by thelr
strone feelling that subsystem desligners should be given full
freedom for desizn of in-core data structures most suited to
the problem and algorithms with which they were working.
Yet, when these independent systems attemnted to each solve
a different aspect of the same project, the need arose for
them to communicate results with each other, The early work
resulted In a proposal for a Oata Yefinition Languace (6),

but most felt that an appropriate solution to the problen
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was stild yet to be found., In the lnterlm, of coure, data

transfer was actually ac0mal!shpd by having the englineer
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using the varifous subsystems ¢n a project manually transfer
Information from the printout of one set of results to the
problan lzhguage'input of the second subsystem (See Flsgure

i .A4_d21)_.’ o . S
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e o tn 19u8, Long (7) performed a stuldy of tha efforts In

data transfer In the context of the ICES system. His malor

S ORI LAMER §

concluslon was that whlle the attemot to solve the provlem

of zeneral 4ata sharing between computer systeans had HSorne

little fruit, there was some rasson to ba haoaful thst a

g
£

less genera? approach to the probl=in mizht give better
results, Ye distingulshed between the concents of the

system and the subsystem and introduced the concaent of a

R ETRTAY A TRV T

supersysten, The gystem Is comprised of those canablilitles,

BN LD

generally orlented toward strictly computer tasks, that are

T T 3.

used by all of the suhsystens, Syhsystems are cowmrised! of
capabilities oriented toward some gpacific enelinzering
problen area. The guparsvstem is 12fined as a groun of
1gosaly organizei subsystems, each aorlontad toward 13
specific oroblem area, but jolintly working towar! thz goal . ?
of a project Implemantation, orincioally by sharing a co~mon |
data base storad permanently on a secondary storage davice.

It Is the matter of the orientation, problem versus projact,

that distingulshes a subsystem from a supersystem. Thus,

whille STRUDL, the structural deslign language, Is capable of
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analvzlng and selecting members fér the structural “frame for

e et s e rd ammein e iy —a s L L e saw et W20 e ke K S DA 6O e

a huliding, It Is not capable of taking the entire hullding

project or even the structural part from Tnception to-

-completion. The bullding design comprises many probiem

-arc¢as, each of-which m?gh'e fequi re-a. ;uhustem_of Lhe un .

_,and comolexlty of STRUDL.

The Imblementatlon of data transfer is lmoortan: not
only for the concept of a supersystem but for the way that
engineering Is practiced. Englineers, while In school, solve
problems. Each prohlam is a close ook at some smaltl,
speciflic engineering task, !'hen the problem is solved, the
answer is graded and no more is done with it, Fngineers, as
practicing orofesslorals, work on projects. They, too,
solve problems. In distinction to the wnrk of students,
however, the answers to thelir problems are integrated into
the larger project effort. Thase answers are considered in
thelir ramlfications with other "answers" for other orohlen
areas of the project and must be considered as part of all
the nroject data. 7

Comouter efforts In engineerling to date have bheen
afmed at giving nroblem solving capabiliities. And just as
looking at an engineerin: projrct as a serles of proh[ems
fragments the concept of a project effort, so have these
computer capabilities tended to frasment the work that can
be done for a project with a computer, This can be ohservaed

In the tondency of engineers to requlre that a problem be of
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SUFFTclent sTze oF conplexity Tnorder to-Justify-sotving—it - o

with a computer. The fragmentat!on has put an artiflcial

TSR S vk

‘barrier between the englneer and his prohlem solving tool.

Now In order to overcome the tendancy toward ‘7W7“>g;-77;~~*

_fragmentation, In order to develop Diject ortented combuter o~

capabilltlés or supersystems, the whole apnroach of - R

eng!neering ‘computer deveTopmenf musf‘Bé”?Pnexamtnea:’f‘f:f::::::t:t;ﬂf
Engineering computer technolozists can re-orient their o
efforts and work toward the development of project oriented
subsystems -~ unlque, ali-enéompassing computer systems,
These would be large scale efforts and might well reault,
for example, In a STRUDL~-1ike subsystem for bridege desien,
another STRUNL-1tke subsystem for buillding deslan, a third
for tranmission tower system deslé;, andt so forth, The
difficulty with this approach Is the duplication of effort
that 1s requireéd to develop unlque suhsystems for each
project area. The development of the STRUNL subsystem as a
problem oriented capahility extended over five years. The
duplication of that effort several! times for Jdlfferent
projact areas is worthy of little consideratlion.
Another approach to implementing project oriented
capabilities Is speciflcally that of the supersystem. Each
project area would have not a unique computer capab'lity but
rather a unique project data structure, Thus computer

subsystem developers would continue thelr current

corientatlion of developline problem solvine capabilitias, Rut
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__Integrated wlth a new supersystem by the implementaztlon of

“each of these problen solving capablTltles would have "~~~ 77—
add!ttona{, satellite features that would a!lqw for tha L
‘tmplementation of data transfer~beeweenu{hersubsystem—andwa{f;;in~——-

specific projact Zata flle., The existing subsystom would be <. -

giﬁéféééeliffé datartraﬁsfer cébébtilt!es for the new B}SEEEt

T data file (Se Figure 133, e

Ihe Jullding lodustry

in the United States, the estimate for the total’.
‘vaiue of construction during the year 1970 is set at $90
billton (8)., Table I=1 zives a breakdown by project type of
the cstimated valug of bullding construction during the same
year but cxcluding one and two family dwellings. The same

estimate predicts a greater than 109 percent increase In

B 0o Y, SN

construction value during tha decade 1379-1980 to a value of
$193 billion. The estimate of the gross national oroduct of
the United States for the years 1970 and 1480 gziven by the

estimate are $900 billion and $1,980 billion resnectively,

e G T A G L

Furthermore, In the United States the Industry is comnosel

of:

more than 93d,900¢ contractors an 1,520,019
subcontractors 2mploying over 3,000,030. They are
suppllied by a myriad of other industrles emaloyling
large numbers, such as the 240,000 employees of
sawmills and planning mills, the 60,000 In millwork
and related products, and the 260,000 who manufacture
gquipment, To hardlie financial, insurance, and real
estate dealings requires another 1,100,000 oenple of
whom more than 6u0,000 are In real estate alone., The
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T e TABLE 1-1 (%)

Fortcast ‘of CUnstrUctlon Contracts =« 1970

T e '”Mﬂ?fbﬁs of "0113(5 o T T

‘xTotal C°nstruction t...........................sSZ 225

Heavy Construction.....eceveeeciaccanacrsnes$16,875
ﬂuﬂ'RESldQﬂttal Bu"d'nghlioiotoolcont.a.....26 100
M!nufacturlng.....-....'.....................35.000

comer'ca‘l.-onol\l.cboo.o.o.oc.‘.ct.loOtcotial’oo

Educat'ona‘.oOll..l....l.......!.......‘..'..6'000

Méd'ca‘.‘OUO‘i.'!...!l.‘..l..‘.l...‘l!..C.C..2'7oo

g
bid
Z
3
o
S
&
A
7
H
§

Government SEI’V'CQS......---...--...........-1'000

Recreational, Relglous, ELC.i...cvecseneseess2,700 :
Residentlal *.. .. . iiveernennncroserenceneeeasd,25 %
APartments..ueeeiosscesssssarsssnsasecessesesl, 600 §
Dormitories.ccceeieescsssnossrcenscrocnccssoesdON ;

HOte‘s and Mote]s....-- loll.uo-ootuu..oco.'t.‘.750

* gxcludes ocne and two famllles dwelllings.

- : i e e o s s o . S -
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: ““*W““***'buiid+ng~desrgn~profesafons~4ﬂc4ude~Sﬂ;ﬁﬂﬁ-aer+s&efed e e
architects and 75,000 enslineers plus-a Jarge nur e
of soecla?!sts. Manlfest!y the Industry 15 1aFs
di ffuse, and consists of 3 loos: agglomeration of“
e —. mostly smal! units., The number of deslten- : o
construction firms with an annual volume. greater than .
_$500 mllllon can be counted on the fingers of .one :
hand., Few matarials and squlpmant proiucérs rank”
among the nattan 5 500 1argest In&ustr!a1 flr -

A R uimu Ly

can cons!der the professlonal ard economtc lnternsts of tﬁe

bu!?dlng-lndustry as falling into one of four general

o

capegoftes: management, design, construction, and f!naliv¢'
oparation and malntenance.

The realm of management Includes, first of all, the
cllent or owner. The cllent 1s the prima movens of the

entire Industry. It Is he who dictates the kind and quality

R I R AP N

of building depending on hls needs and financlial backlne,
Owners range In siZe fron the nrivate, single home bullder
through developers of caplital investment motivated
skyscrapers In large metropelitan centers and tha Fedaral
government wlth all of Its resources.

Includal In the realm of economics, however, are many

AN LS S A ST G N AR

other profnssions concernad with hulldins, These Include 2
planning boards for urban areas, financliers (including f
banks, Insurance companies, pension and walfare funds, ani

governtnent mortgage financing asents), real estate

AL R

developers, zoning commisslions, accountants, ani che like,

The second realm of the H»ultding Tndustry 1s that of
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_deslgn.  Trad!itionally, the managevent of 4esi~n has been in
the-hands of an archlitect who acts as tha cllent's agent for

both jes!gn ani constructlon. Qut iue to the wlialy

By S PPN

s dlvergent and highly technlcal nature of many aspacts of
“f”f ~ hultding desien, the architect (excluiing one ani two

s s et g housing, whicn rapessents about one=half of the

qp?b?eééional consultants In the englnasrinz araas. Thase
generally Iinclude the structural! sniinzer, the foundation
engineer, the mechanical enginear, the elsctical anglnaer,
ani speclialists In the areas of cost estimating, Interior
dasign, acoustics, illumination, and landscapinz
The third realm of the Industry Is that of
construction. The corstruction phase of the buildlig
project has traditlionally heen manared hy the architect, hut
the prime agent here is tha general contractor, The ceneral

contractor, llke the architect In the deslgn vealm, uses

specialized sub-contractors to perform the highly technical
phases of the construction, These sub=-contractors inciude
p*umbers, heating and alr conditioning speclallsts,
electrical contractors, plasterers, stone masons,
carpenters, roofers, structural stael erectors, and
foundatlion contractors, amonz others,

The final realm is that of operation and malatenance.
Included here are the operations englncers required to keep

large niechanical and electrical systems for bulldings

T fTIC comstructlion dollar valus) raquives the assistance of

AT T R K '&,-*.-Q-m w;«-n,v.u:l»e MRIAI TN N A e 1w
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and the constructicn trades required for repalrs and
madificatlons. e

1t should be clear that this diversity of econonlc ,"

interests and Intellectual disciplines Involved !nwtﬁe"'

bullding Industry lead to a fragmentation that exists on

" three Tevels, 'Thé?e'Is’a“TféiMEEEEETﬁﬁ;éFiE§F§SﬁS§1w ~Th§?%j f
nature of bullding design alone Is such that one can never
expect to see a single person belng able to do the entire
design. There Is a frarmentation of location, For the mosf
part as the professlion Is currently carried on, the
participants In the design and construction stares each have

separate offlicas, sometimes even to the extent of balng

located in different cities. And finally, there is a

(RS N R lIE

fragmentation of goals. hat may well be the best T

structural desien can lead to a definitely sub-optimatl
mechanical design, and vice versa, What apoaars best In

terms of Initial cost may be very poor when considared In

terms of long term costs.

The major consequences of this fragmentation are
three. By far the most Imnortant ant at present the mast
widely recognlzed consequence |s the communication problem,
Communication Is a baslc aspect of the desian and
construction of bulldings, whether all of the design
participants work In a single offlce or not. The rance of

design disciplines dlctates that professional !nteractlion
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_;Wﬂggge place, The butliding process typlcally starts as the

deslre of a client for a building and Is developed through

Interviews between the cllent and the designer, throush the
various d@slgﬁ stages, to a fully developed set of contract e
‘drawings and specifications. A second consequence of

L'¥;;wflffffifiiimgniéttéhWEaafdhe“that'fdltows”also'fram"the

A less than perfect communication between the orincinal :
daeslizners makes It Impossible to estimate how their desien ;
declsions affect each other and consequently how such !
decisions affect overall cost for the client, The prohlem
of optimization in bulliding design Is as much a matter of
communication as It 1s of mathematics, And finally, a last i
consequence of fragmentation is duplication of erTort, As
currently practiced, the duplicate review of drawings and
specifications for cost estimating by architacts and bit1din-
by contractors Is tyolcal of this duplication of affort,
Consider the kinds of lInci-dents that occur in the
current state of building design. The structural ani
mechanical engineers, having arrived at initial, compatible
configurations for the structural frame an:id duct system,
return each to his own office where detall desizn contlnues,
Later the architect informs the mechanical engineer that
certain changes have occurred Iin the specification of
materials for an area, thus changing the heat loads and

requliring In turn a larger duct servicline the area. 1If the
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" principals Involved In the huilding tndustry ~ finascler,— ———==

machanical enginser falis to ¢onfer with the structural

—“enginaer agaTﬁi‘ES“haﬁpgns*sometTMES“Whﬁﬂ”tﬁﬁ”dﬁﬁ+ﬂﬂ;‘3"‘“‘“““W“““;””“
rushed, the zonfllict surfaces only when the contractor

discovers that the duct Is supposed to go through a

structural beam,

One of the reactions to thls fragmentation has beean

the tendency of late to combine in one firm all of the

architect, engineers, and contractor. This reunification at
least within the same flrm helns alleviate some of tha
problems resgultine from the frasmentation. Many of the
goals are thereby consolidated and the problem of
communication 1Is generallv that much lessened.

The supersysten concept dlscussed above {s another
reaction to this problem of fragmentatlon. The supersystem
proposes to consolidate all of the iInformatlion about a
project in a central file of data where it Is avallable to
all design participants at the same time. Furthermore, the
availabllity or data to all designers npotentially allows for
studving the affects of design decisions maie In one desian
are: on the other asnects of the averall idesisn, Thus
zngineers can design in terms of overall project goals
rather than the more immediate goals of just their own
discipline area. Finally, the develonnant of
telecommunications for computers wherehy engineers using

only low cost terminals in thelr offices can use the power




of large computers and data flles lliterally acrass the

country, will help In the matter of locational fragmnentation

where [t continues to exist.

Ihe Bullding Progess
o Having viewed building construction from the
~ viewnoint of an Industry, one can take a slizhtly different
approach and view the same thing from the viewpoint of a
process, Considered as a process, bullding Is conposed of
various phases,

The Royal Institute of British Architects (11) has
Identifled twelve stages of bulilding activity, These stages
are only an attempt to give a general classification to the
phase of actlivity most prevalent at the instant, and there
is no clalm that there are distinctly recognizable points of
transition between the stages or that all desligners are even
In the same stage at the same time. The phases of the

buildling process identifiad by the Institute are:

- First meetings with client and
establishment of dasign team.

- Preparation of flrst outline fron
interviews with client and assurance that outline is
feasible.

Qutline Proposal = Further detailed study of citent's
requirements, costs of project, and approaches to
iayout, design, and construction.

- Final development of preliminary
design, Including full design by architect and
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“preliminary design by angineering designers.

Detall Design ~ Flnal decislons on atl desipgn

matters.,

; - Preparatlion of final {esian
1rawings and specifications. ’ :

8111ls of Quantities - Preparation of 311ls of B,
Quantitlies for constructlion bt s, R

- Jonder Agtlon - 31d4ilng by 3enaral contractors,— - —

Planning - Construction co-oridination between
general contractor and his sub-contractors.

Qperations on $ite - Actual construction,
Complettion - Completion of construction,

Feed-hack -~ Analysls of desiaxn, construction, and
operation of bullding durlng its life. -

This .distinction between various phases of the
building process Is Important., Clearly, the problems ani
even the nature of communication differ during the various -
phases of buliding, At inception, 1deas and data are few.
highly unorganized, constantly changzingz, and even gebmetry,
a fundamental aspect of all bullding data Is In a very fluid
state, By the start of preliminary desicn, most of the
geometry has firmed up, and the real problems of
communicatlon and interaction amongz dasizners become the
most Important aspects of the Information. 3y final desi-~n,
the sheer volume of information has become Its mast critical
aspect and it is that aspect which extenis throuzh the
construction phases. It Is this evolving characteristic of

butlding Information (the same holds for the infornation for
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__any engineering project) that makes tha suhject of orofject

data manapement such a difficult one, These sane chanzing
characteristics will dictate explicit requirements for any

attempt at automated data management as wli1l becone evident,

Why Yae Computers in the Building Process
- The vary fundamental aquestion of why the computer

should be used at all in the buflding process Is or- that
should be faced., In this age of mass computerization It
might seem strange that such a question be phrased, but as
the complexity and cost of proposed computer systams grow,
more and more are coming to ask just that questlion,

The computer with its allled software Is just another
among many potential tools for those encared in the buliding
process, Recause of its tremendous potential for extranely
fast calculations and larze capaclty data maninutatlon,
however, the computer stands as a oartlicularly sienificant
tool In the collection of the bullding desicner and
contractor. As Mliller has stated It:

Computers are the key to a systems apnroach
to civil engineering., Tko nature of contemporary
projects is so large, and there are so many complex
factors and components = all these Jlfferent kinds of
fnformation must be tied tozether, and the only way
you're going to do it Is by computer. |'m talking
about using computers a¢ informatian management
devices and not as merely computational tools. Only
about 10% of our problems are computational by

nature, the other 90% are problems of information
storage, control, and manipulation, (12)

There is little question of the camputer's canmabllity




Consfider, for examnle, the |8M

__._to store Information,

System/360, Model 65, computer. Confilgured iwith one milllon

bytes of core storage, a model 2301 Jdrum unlt, a model Z314

disk stroage unlt, and a model 2321 data cell drive, such a

system has nearly 500 milllion charactars of pn-}twd,stdrazéf45nF'

one milttlon characters of the storase can be accessed fn— - —

~lass than one microsecond; five million characters of

storage can be accessed In less than ten milliseconds; over
sixty million characters of storage can be accessed In less
than one~tenth of a second; and all of the nearly one half
bi11ion characters of storarse can be accessed In just over
one~half second (13). Understandably, no one yet really has

any feeling of how many characters of data would be raquired
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to completely iescribe a building design. But there Is
little doubt that the computer will meet the task, at least
as regards capacity. The situation looks even more hopeful
with speculation that the next generatizsn of computer

hardware wiil improve the cost/performance ratlo »f comnuter

NI A T A e, N B B

systems by a factor of from six to twelve over tha last

generation of hardware (14),

Context of the Current Effort

The task of developing automated data transfer for
the bullding industry is truly a monumental one. The slze
and complexlty of the Industry combined with the ranae of

disciplines that are Involve!l In financing, desicning, and




constructing bulldings has lead to much hesitancy to even

T Tattempt to tackie the problem, Clearly no one effort will
be qomplgtdty'successful in such an undartaklné and the

47";—:4“44;:”€B;;§ntﬂworx—fS'yust>the beginning of-what wiil have to be a

1

LTI lnng process of research and evolutien. Tha current effort

—— ,M._haswbnmas_m_u;h an. u;em;&f,urtmz deflae the problem as
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It has to devetop a work!ng soiutlon. One of the th!ngs

_;Lff'ﬂthatﬁhas hecome clear 1s that the solutlon will bg an

evolutionary process rather than a completely developed
-working capabllity from the start. 1In the current effort,
also., the éoncentratlon has been placed on the communicatlion
of data between eéngineers concerned with the design of
buitdings, rather than architects or the construction or
operation phases of the building process. The reasons for
the emphasis on the engineer rather than the architectura!
asgécts of deslign are twofold. First, the author Is an
aﬁgiheer rather than an architect. But more sizniflcantly,
arch}fecture Is-an atheoretical disciplline, Aﬁraééﬁltoct
considers himself to be an artist working In a technlcal
fndustry. The consequence of this is that architects
strucfure and treat data differently from the way angineers
do., Hance, while the designers of an architectural computer
system might nct be completely happy with the file structure
of information that wlil be considared later, thelr system

could still be capable of feading Information regarding

geometry and materials to the data base. These two
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_ Informatlion areas are key components in many of the =

engineering deslan areas.

There are two major areas to be Investiczated In the

Implementation of an ICES bullding design subsystem: data — -~ —-

- -— management and file structure, - - ..
The concept ofuuslng data as tﬁe lntégratihg Bbhd féf ----
3 building system leads directly to the fundamental question
4 of data management, The zeneral problem of data management
has been the object of much computer research and
developmant over the past decade. The davelooment of the
generalized data management systems leads one to conslder

thelr value for the problem of data management In the

building context, or at least the approoriateness of thelr

I
Jhe o4

#
s
F
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approach to a solution for this problem,
The generalized data manazement systems have

addressed themselves directly to the problem of how does one

A T S w;

manage the computer environment where there exlsts a large

15 corpus of data about some loosely structuret locical entity k-

55 (generally a corporate or military oneration) which must be g
E developed and used by a group of Iniependent computer ;

gé ' systems, none of which is responsihle for all of the data

zJ and all of which must share the use of the data, This is é

i

exactly the problem faced in the bulldine realn.

Wwhile the use of the renerallze! .lata mannoement




i e Sy S tems. in. the context of bulldlng_systaus has-same-. - - - ..
drawbacks, the ICES systems as currently Inplemented doas

_have some data management capabllitles, The 1CES TARLE=1{

8 o e e ke R e e N e

system has file structure capablilities and storame and

retrieyl functions.

T The TABEE-IT fHe structuring capasiTittes are

= - -.partleulaciy-appropriate - for the probiem-of storing dynamic -
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‘information tn a flle on secondary storase. This system,

1ike the generzlized data management systams, stores

M A A A

Information in such a manner that its location an.!
characteristics are remembered by the svstem, Furtherwore,
Hata are ldentifled by name in such a way that one need

oo erely provide the system with the name and the system s

able to;rétrléve_ndt only the value hut also Infornation as
.to what the characté}lstlcs of the data are (dinensional

- }~~¥v*un%ts“and-éomputer«character{st%és); Concentually, the
-information Is structurad as a four level tree: tahle, ro,
columnn, and 1ist position.

The feature of having avallable a flle systen which
uniquely identifies and manares data within the system Is of
primary Imoartance in the area of hulldinz systams (as wel)
as many other systems), The problems of manarine a growing
corpus of informat'on usedi by completely indepandent
computer systnes demands that one consider only a data
management system capable of treating the Information &3 a

growing, dynamic entity. The classical approach of file
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the question in such a situation. Such an approach alwiys

demands a fixed file large enough to hnl:l tha larsest amount

of datz one can desiern for, Furtheraore, It s genera?@y,ﬁ;

Ipossible to identify the condition whore data valups arp"

mlssing - whére they Kave ﬁot baen storeH yet “Tﬁe T e e S

~ integration of various computer—systens for -4 ifersnt——— ——— - ———

discipline areas requires that Information raegarding

R4

dimensional aspects of the data be nalntained as well as the
convenience of automatlic conversion of Jdimensions on
request.

The TABLE-11l system has the additinnal feature that
there are currently available a collection of storage and

retrieval functions for passing i{nformation in aither

N AN AT TP RA NG e ROR i A

direction betwean an engineerineg prorsran and a sacondary

-

storage file, The TABLE~}! subhsystem is rathsar uniaue amnng

PPt A

the 1CES subsystems: 1t exists on both tha enpinesr-user

LI

level as a problem oriented jansuaes suhsystem and on the
programmer-user level as the collection of storase ani

retriaval functions,

RPPRCUFTCI S )

W

The file structure for a comnuter basnd Inforaation :
system must closely reflnct the structure of the 4nta g5 It
ls used by the designers, The flle structure for a huilding
informaticn system must be hase? on the characterist 'cs of
the use of data by the enzineers anj the architact. Each of

these people has a responsibility which s uniquely his own,
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i i - ThG-- dFCh1Lact 15 responslble for_the geometry and Laxgugkgﬁ_hm,__ﬁ__j

the spaces as well as the specification of the matarials of
_the walls and other surfaces; the structural engineer is
_responsible for the structural frama raquired to suopsrt the
loads In the bullding: the electrical enclnesr for the

- distritution of electrical power throughout the bultding as -

ducfi for the delivery of hot and cold air to the spaces ani
the removal of waste air from the systan, Each of thase
designers has a realm of data which he develops in
conjuction with the objectives and requlirements of tha
others connected with the nroject.

Thus, while the architect zenerally has the principal

“concern with windows as an element of f_rm, his decislons on
windows greatly Influence the heat loads that are the
responsibilicy of the mechanical encineer 2nd the amount of
lighting which Is the responsibility of the electrical
enzineer.

The file structure for a computer based information
system of bullding design data must be orcanlized around the
use of data by the various agents primarily concerned with
that data, and the data within a fFile should he structured
In such a way as to reflect the ralational ani alporithmic
structure of the data, Tha Jdata razardine windows shoagld Ha
the responsibillity of the architect. e Is the designer

primarily responsible for choosing the quatlity ant tocation

e TR TANZTL T P - e . aar RN LAY e s eimtate et
FRECARE L L e L e andin s n SRR e fWenies

—r T oo requireds o themechanical -enzinear for the systemofoale
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e - Of - windows. - —Also-the location of Information ahout tha

r

windows among all of the {ata ltems which fall Into the

realm of the archlitect should ratlect the fact that windows

B TR LR AL L YA S

are lozated In walls, walls which delimit two spaces.

Ny

Hith a flle so structured, the mechanical engineer in

doing heat 1s5ad analvsl§ cén interrozate the data HYase of

[ PIPPRarre

7 7 the architect regarding the room undar consltderation, asklneg =
for the U-factors for each of the walls and be told that a :
particular wall has a window of soma specifle size and that
the deslign temperature minimum on the other side of that
window during the window is =20 dezrees Fahrenhelt,
Furthermore, the electrical enginear can query the sane flle
of the architect and learn that the room has a window with a
southern exposuré and hence has a calculable flux of
sunshine,

Tha macro level! file structure proposed for a3
bullding environment Is outlined in Fleure 1=4, This
represents a first effort at a file structure of this sort.
As work proceeds, further refinements on the varlous

sub-flles and thelir relationships will hecome appnarent.
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